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Lancefield (1) has shown that the serological types of group A  streptococci 
are  characterized each  by  a  different  type-specific protein  antigen,  the  "M 
substance."  It  is present  in  acid extracts of streptococcal ceils and  can  be 
identified by  its precipitation with  antiserum prepared against organisms of 
homologous type.  This method  of typing group A  streptococci has now  re- 
ceived extensive field trials in America and has been found effective in identify- 
ing most strains freshly isolated from  acute streptococcal infections.  Some- 
times,  however,  strains  are  encountered  which  cannot  be  identified by  this 
method.  The work to be reported here resulted from an investigation of such 
cultures.  It  was  noticed  that,  while  no  M  substance  could  be  detected  in 
extracts from cultures grown at 37 ° C. for 18 hours, some of these strains, when 
grown at room temperature for the same period, yielded extracts in which the 
M  antigen  could  be  readily  identified.  This  suggested  the  possibility that 
these  strains,  when  grown  in  broth,  elaborated a  substance  which destroyed 
the serological reactivity of the M  antigen at 37 °  C. but failed to do so in  18 
hours at room temperature.  Experiments were, therefore, carried out to test 
the validity of this hypothesis. 
Methods 
Throughout  this work cultures were  grown  in modified  Todd-Hewitt broth containing 
2 per cent of Pfanstiehl peptone unless otherwise stated; extracts were made by the method 
described by Lancefield  (2) and precipitin tests carried out using the capillary pipette tech- 
nique (3); readings were made after 2 hours' incubation at 37  ° C. followed by 18 hours in the 
cold. 
EXPERIMENTAL 
Effect of Cultivation Temperature on Yield of M  Substance/tom Streptococci.-- 
Duplicate cultures of two type 1 strains, K43 and T1/79, were  grown in broth incubated 
at 37  ° C. or 22  ° C. respectively  for 18 hours.  Extracts were then made from the centrifuged 
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bacterial cells and tested for M precipitation with type 1 antiserum.  A suitable number of 
antisera of heterologous type were included in the test as controls but none precipitated with 
the extracts. 
It will be seen from Table I  that, when tested serologically, extracts made 
from strain 1(43  grown at  22  °  C.  showed the presence of type  1 M  antigen; 
extracts from this strain grown at 37 ° C. failed to do so.  Strain T1/79 grown 
at either 37 ° C. or 22  ° C. yielded extracts which reacted strongly with type 1 
antiserum. 
Effect of Culture Filtrates o~ Serological Reacti"~,ity of M  Substance.- 
Culture filtrates of strains K43 and T1/79 were examined for the presence of a substance 
capable of destroying the serological  reactivity of the M antigen of various types. 
TABLE I 
Effect of Temperature of Cultivation of Group A  Streptococci on Ttteir  Yield of M  Antigen 
Extracts 
Prepared from  M precipitln reactions with type I antiserum: 
Extracts diluted 
Type 1 strains  Cultures grown  at  1:1  1:8 
K43 
Tl/79 
°c. 
37 
22 
37 
22 
4- 
+++ 
+++ 
+++ 
1:2  1:4 
++  + 
++  ++ 
++  ++ 
zl: 
+ 
+ 
In this and subsequent  tables -- indicates a negative precipitin reaction and shows that 
the M substance is not serologically reactive. 
4- to +++  indicates various strengths of precipitin reactions. 
Duplicate cultures of strains 1(43 and T1/79 were grown for 18 hours in 40 cc. amounts 
of broth incubated either at 37  ° C. or 22  ° C.  The cultures were then centrifuged and the 
bacterial cells from each of the T1/79 cultures were resuspended in 40 cc. of filtered broth 
supernate of cultures 1(43 or T1/79.  The mixtures were reincubated at 37  ° C. for 18 hours 
after which extracts were made from the cells and tested against type 1 antiserum. 
Table II reveals that the culture filtrate of strain K43, grown at either 37 ° C. 
or  22 °  C.,  destroyed  the  serological reactivity of  the  M  substance of  strain 
T1/79 (type 1).  Filtrates of strain T1/79 did not possess this property.  Sim- 
ilar experiments showed that the filtrate of strain K43 could also inactivate M 
antigens of heterologous type  (types 12,  14,  19,  and 44).  Filtrates of strain 
T1/79 failed to do so.  Of the heterologous M  antigens wl/ich have been tested, 
that of type 28 was the only one unaffected by an active K43 filtrate.  It has 
been shown by Lancefield (4) that, unlike other M  antigens, that of type 28 is 
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It may  be mentioned  here that  strain T1/79  was a  virulent mouse passage 
strain  whereas  strain K43  was  not  virulent  for mice.  Evidence  will be pre- 
sented later suggesting that,  in general, mouse-virulent strains do not produce 
in cultures the factor elaborated by strain K43 and responsible for destruction 
of  serological reactivity  of M  substance. 
Effect of Heat  on an Active Filtrate.-- 
Three 40 cc. samples of an active filtrate of strain K43 were heated at 60  °, 70  °, or 80  ° C. 
respectively for 30 minutes at pH 6.5.  To each was then added the centrifuged deposit from 
40 cc. of an 18 hour broth culture of strain T1/79.  The same quantity of cells was also sus- 
pended in 40 cc. of unheated strain K43 filtrate.  The mixtures were then incubated at 37  ° C. 
TABLE  II 
Effect of Culture Filtrates on Serological Reactivity of M Antigen in Streptococcal Cells 
Extracts 
Prepared Jror~ 
Bacterial cells (type  1, strain T1/79) after 
incubation  with 
Culture filtrate from 
I.  Strain K43 grown at 37°C ....... 
2.  "  "  "  "  22 "  ...... 
3.  Strain T1/79 grown at 37  ° C ..... 
4.  "  "  "  "  22  "  .... 
M  precipifin reactions with type I  antiserum: 
Extracts diluted 
1:1 
m 
+.+ 
++ 
1:2 
m 
++ 
++ 
1:4 
m 
+ 
++ 
for 18 hours after which extracts were prepared from the bacterial cells and tested for M 
precipitation with type 1 antiserum. 
Table  III  shows that  the capacity of K43 filtrate to destroy the serological 
reactivity of type  1  M  antigen was abolished by heating the filtrate to  70  °  C. 
but not by heating it to 60  °  C. for 30 minutes at pH  6.5. 
Liberation and Destruction of M  Antigen by Active Filtrate.- 
In this experiment the progress of M  destruction by an active filtrate was followed over a 
period of 48 hours.  Previously, the mixtures of bacterial cells with active filtrates had been 
made in the same proportions as existed in the original culture; i.e., cells from 40 cc. of a broth 
culture were resuspended in 40 cc. of the filtrate to be tested.  It was subsequently found that 
this amount of filtrate far exceeded that necessary to demonstrate activity.  The centrifuged 
bacteria from 50 cc. of a  type 19 broth culture were suspended, therefore, in 0.5 cc.  of 1(43 
filtrate at pH 6.5.  The mixture was incubated at 37  ° C. for 48 hours and at intervals during 
this period the supernate and extracts from the bacterial cells were tested serologically for 
type 19 M  antigen.  In a  control experiment, type 19 cells were suspended and incubated 
in K43 filtrate which had been heated for 30 minutes at 70  ° C. 
From Table IV it can be seen that the destruction of M  antigen by unheated 
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which it was readily demonstrated during the early stages but from which it 
gradually  disappeared  as  digestion  proceeded.  After  48  hours'  incubation 
very little M  antigen could be demonstrated in the suspension fluid; extracts 
made from the bacterial cells after 6 hours' incubation yielded only traces of 
M  substance.  A  similar course of events occurred during the digestion of M- 
containing streptococci by papain or trypsin.  The activity of K43 filtrate was 
destroyed by heating to 70  °  C. for 30 minutes: The appearance of M  antigen 
in the heated filtrate after prolonged incubation was probably due to solution 
of this antigen from  the  ceils.  This  is in accord with  Stamp and Hendry's 
TABLE III 
Effect of Heat on Capacity of Culture Filtrate to Destroy M Antigen 
Extracts 
Prepared from 
Bacterial  cells (type  1,  strain  T1/79) 
Before incubation with culture filtrate. 
After incubation 
With unheated culture filtrate* .... 
With culture filtrate heated 30 rain 
o  at60  C  ........................ 
With culture filtrate heated 30 rain. 
at 70  ° C  ........................ 
With culture filtrate heated 30 min. 
at 80  ° C  ....................... 
M precipitin reactions with type I  snti~rm: 
Extracts diluted 
1:1 
+++ 
m 
m 
++ 
+++ 
1:2 
++ 
++ 
++ 
1:4 
++ 
m 
+ 
++ 
* Culture filtrate prepared with strain K43. 
observation (5) that M  substance may be extracted by prolonged incubation 
at 37 °  C. of streptococci suspended in dilute acid. 
Effect of pH on Destruction of M  Substance by Active Filtrate.- 
In  the  foregoing experiment,  the  destruction  of M  antigen  was  observed 
when  the  active  filtrate  and  streptococcal cells were  incubated  together  at 
pH 6.5.  There was then carried out a  similar test in which the hydrogen ion 
concentration of the mixtures was held at various levels by buffer solutions of 
known pH. 
To each of 5 tubes were added 0.5 cc. of K43 filtrate and the cell deposit from 50 cc. of an 
18 hour broth culture of strain T19 suspended in 0.5 cc. McIlvaine's buffer.  The buffer added 
to each tube had been adjusted to pH 4.0, 4.8, 6.2, 7.0 and 8.0 respectively.  In a control tube 
a similar quantity of cells was suspended in 1.0 cc. heated K43 filtrate at pH 6.5.  The mix- 
tures were incubated at 37 ° C. and the supernatant fluid tested for presence of free M antigen STUART D.  ELLIOTT  577 
after 45 minutes and 48 hours; the test samples were neutralized before mixing with type 19 
antiserum.  After 48 hours' incubation, extracts were made from the residual cells and tested 
for M antigen. 
This experiment demonstrated that the destruction of M  reactivity by K43 
filtrate  occurred most rapidly at pH 8.0 at which level loss of reactivity was 
complete within 48 hours.  At lower pH levels the filtrate had a progressively 
less marked effect until at pH 4.0 there was no apparent loss of reactivity of M 
substance in a period of 48 hours. 
TABLE IV 
Liberation and Destruction of M Antigen by Aetire Culture Filtrates 
Supernates 
Obtained from  M precipitin reactions with type 19 antiserum: 
Supernates diluted 
Bacterial cells (type 19, 
strain T19) suspended in culture 
filtrate (strain K43) 
1. Unheated  filtrate 
2. Heated filtrate 
Mixtures incubated 
at 37°C. for 
0 
45 rain. 
6 hrs.* 
24  " 
48  " 
0 
45 rain. 
6 hrs. 
24  " 
48  " 
1:1 
+++ 
++ 
+ 
B 
m 
4- 
+4- 
+++ 
1:2 
w 
+++ 
++ 
4- 
4- 
E 
+ 
++ 
1:4 
++ 
+ 
4- 
4- 
4- 
+ 
* No M  antigen  could be detected  serologicaUy in extracts  made  from T19 cells after 
these  had been  incubated  6 hours  with K43  filtrate.  Extracts made from T19 cells in- 
cubated for 48 hours with heated K43 filtrate reacted strongly with T19 antiserum. 
Tests of more purified active material against synthetic substrates, described 
below, showed slightly greater activity at pH 5.2 than at 7.6. 
Summary of Preliminary Experiments 
From these preliminary experiments it appeared that strain K43, during its 
growth in broth culture, elaborated and released into the medium a substance 
capable of destroying the serological reactivity of the M  antigen of streptococci. 
This substance was filtrable and heat-labile.  Subsequent observations showed 
it to have other properties characteristic of an enzyme, and it will be referred 
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Conditions Necessary for the A ctivity of the Enzyme 
Precipitation and Concentration  of the Enzyme from Active Broth Filtrates.- 
In investigating the nature and properties of the enzyme, it was obviously de- 
sirable to obtain the active material in a  more purified and concentrated form 
than normally existed in crude culture filtrates.  It was found that the enzyme 
in unconcentrated  active broth  filtrates could be  precipitated from  solution 
either by the addition of ethyl alcohol (2½ volumes) or by 0.7 saturation with 
ammonium sulfate.  From concentrated solutions most of the active material 
was precipitated by 0.5 saturation with ammonium sulfate. 
In making enzyme preparations of this kind, strain K43 was grown in vegex  1 
broth  made  by the method  recommended  by Hirst  (6).  This medium  was 
used because it was relatively constant in its constitution and because alcohol- 
precipitable material was removed prior to  inoculation.  Various procedures 
were  tried in attempting  to  isolate the  enzyme.  That  described below was 
finally adopted  as  giving the  highest yield, but  in  the  earlier stages of the 
investigation concentrated enzyme preparations were obtained simply by dis- 
solving in water  the soluble fraction of material precipitated in  the cold by 
alcohol from  broth  filtrates of strain K43.  Such  preparations were  used  in 
preliminary experiments designed to investigate the conditions necessary for 
activity of the enzyme and to test its activity against different substrates. 
Final Method  for Isolation of the Enzyme from Active Broth Cultures.-- 
Sixty litres of vegex broth were made following the method described by I-first (6).  This 
was inoculated with a suitable, young, actively growing culture by adding 50 co. of inoculum 
to each 3 litres of broth.  After overnight incubation at 37  ° C., ammonium  sulfate crystals 
were added to each flask in sufficient quantities to give 0.7 saturation.  The culture was then 
allowed to stand overnight in the cold, after which  the organisms  and ammonium  sulfate 
precipitate were  removed  by centrifugation in a  Sharples  supereentrifuge.  The sediment 
was taken up in 500 cc. of water and, after centrifugation,  yielded a dark brown  solution 
which would not pass readily through Chamberland filters.  To this solution were added 
2½ volumes of 95 per cent ethyl alcohol; both solution  and alcohol were thoroughly chilled 
before mixing.  After 2 hours in the cold, the resulting precipitate was removed by centrifuga- 
tion in the cold and taken up in 75 co. of water.  Following centrifugation,  the supernatant 
fluid was half saturated with ammonium  sulfate and the precipitate taken up in 30 cc. of 
water.  The solution so obtained contained most of the active enzymatic material present 
in the original broth culture.  Further purification  was obtained by repeated precipitation 
either with ammonium sulfate or with 2½ volumes of alcohol in the cold. 
Activity against the M Substance  of Living Streptococci.-- 
In this experiment, a concentrated enzyme solution was tested for activity against the M 
substance contained in living streptococci.  To 75 cc. of a vegex broth filtrate of K43 were 
added 2½ volumes of ethyl alcohol and the precipitate taken up in 5 co. of water; all these 
1  Vegex is a yeast extract with added salt and iron and is manufactured by the Vegex 
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procedures were carried out in the cold.  To each of 4 tubes were then added 0.5 cc. of suit- 
able dilutions of this enzyme preparation  together with the cell deposit from 50 cc. of an 18 
hour broth culture of type 19 streptococci suspended in 0.5 cc. buffer pH 8.0.  The mixtures 
were tested for free type 19 M antigen after 45 minutes and finally after 48 hours' incubation 
at 37°C. when extracts from the residual cells were also tested for M antigen. 
The results of this experiment showed that the concentrated enzyme solution 
had the same kind of activity as did the broth filtrate from which it was derived. 
TABLE V 
Effect of Bacterial  Cells of Different  Spedes on Enzyme ~tetivity 
Supemates 
Obtained from 
Type 19 M  extract +  enzyme  +  bacterial cells: 
1.  Streptococci:  (a)  Living  ......... 
(b) Heat-killed ...... 
(c)  Chloroform-killed 
2.  Staphylococci, living ............. 
3.  Coliform bacilli,  "  ........... 
(Controls) 
Type 19 M  extract alone 
-  ,,  ,,  ,,  4-  enzyme ......................... 
"  "  "  "  -k bacterial cells: 
1.  Streptococci, living 
2.  Staphylococci, " 
3.  Coliform bacilli," 
Bacterial cells were added in amounts equivalent to d~ 
culture suspended in 0.4 cc. buffer pH 8.0. 
M precipitin reactions with 
type 19 antiserum: 
Supernates diluted 
1:1  1:2  1:4 
+++  ++  + 
+++  ++  + 
m 
+++  ++  ++ 
++  ++  + 
+++  +÷  + 
++  ++  ++ 
+++  ++  ++ 
)osit from 25 cc. of 18 hour broth 
Mixtures were incubated at 37  ° C. and pH 8.0 for 48 hours before testing against type 19 
antiserum. 
Added  in sufficient concentration to  a  suspension of  living streptococci,  it 
caused the early release of M  substance from the cells into the suspension fluid 
and the gradual digestion of the M  antigen during the ensuing 48 hours. 
A ctivity of Enzyme against M  Substance Contained in Streptococcal Extracts.-- 
Preliminary  experiments showed that, alone, the enzyme was not active against 
M  extracts  when tested  in concentrations which had proved active against 
streptococcal suspensions.  It appeared possible, therefore, that the presence 
of living cells was an essential feature in these tests for activity; hence a further 
experiment was carried out to elucidate this point. 580  PROTEOLYTIC  ENZYME PRODUCED BY  GROUP A STREPTOCOCCI 
Eighteen hour broth cultures of a streptococcus (strain T1/79), a staphylococcus, and a 
coliform bacillus were centrifuged and the bacterial cells from each resuspended in buffer pH 
8.0 so that 0.4 cc. of each final suspension contained the equivalent of 25 cc. of broth culture. 
To each of 8 tubes were then added 0.5 cc. T19 M extract and 0.4 cc. bacterial suspension; 
duplicate tubes received respectively streptococci, staphylococci, or coliform bacilli, and the 
remaining pair received streptococcal suspension killed either  by adding chloroform or by 
heating for 30 minutes at 56  ° C.  To one tube of each pair was then added 0.1 cc. of enzyme 
solution and to the other 0.1 cc. buffer.  Two additional control tubes each contained 0.5 cc. 
T19 extract and 0.4 cc. buffer but no bacterial cells; to one was added 0.1  cc.  enzyme and 
to the other 0,1 ce. buffer.  All the mixtures were then incubated  at 37  ° C. for 48 hours, after 
which they were tested serologically against T19 antiserum. 
The results of this experiment, shown in Table V, indicate that, for the di- 
gestion of type 19 M  substance by this enzyme preparation, the presence of 
living bacterial cells was necessary. 
Influence of  Various Reducing Agents upon  Enzyme  Aaivity.--It  seemed 
possible that living bacterial cells were able to activate the enzyme by virtue 
of  the  reducing conditions which  they  established in  the  enzyme-substrate 
mixtures.  An experiment was therefore devised to  determine whether other 
simpler reducing agents would have the same influence on the enzyme activity 
as did living bacterial cells. 
Thioglycollic acid, glutathione, cysteine hydrochloride, and ascorbic acid were tested, each 
in a final concentration of 0.01 ~; potassium cyanide also was tested under the same condi- 
tions.  The test substance was dissolved in phosphate buffer adjusted to pH 8.0, and 0.5 ec. 
of the solution so obtained was added to 2 tubes, each of which contained 0.4 cc. of type 19 M 
extract.  To one tube of each pair, 0.1 cc. enzyme solution was added and to the other 0.1 ec. 
buffer.  The mixtures were incubated for 3 hours at 37  ° C. and then tested for precipitation 
with  type  19 antiserum. 
From the results of this experiment, shown in Table VI,  it appeared that, 
with this enzyme preparation, the ability to  digest M  antigen was manifest 
only under conditions of reduction or in the presence of potassium cyanide; for 
with  the  exception of  ascorbic acid,  all the  substances tested  activated the 
enzyme.  It should be emphasized that with more concentrated enzyme prepa- 
rations, some digestion of M  substance was manifest without the addition of an 
activator; but even with such preparations, the enzyme activity was greatly 
enhanced by the addition of reducing substances or potassium cyanide.  (See 
Table VIII.) 
Experiment to  Determine Whether Active Material Was  Used Up  during 
Digestion of M Substance.--To  determine whether the enzyme was inactivated 
or used up during its digestion of M  substance, an experiment was designed in 
which the titre of activity of an enzyme preparation was determined before 
and after incubation in the presence of the substrate. 
To each of 9 tubes, numbered 1 to 9, was added 0.45 cc. of a mixture of type 19 M extract 
and glutathione (0.01 M) adjusted to pH 8.0.  (a)  Serial  tenfold dilutions of enzyme solution STUART  D.  ELLIOTT  581 
were made in tubes 1 to 4; and the mixtures were tested against type 19 antiserum after 1 
hour's incubation at 37 ° C.  (b)  Three serial tenfold dilutions of tube 1 were then made in 
tubes 5 to 7 and the 7 tubes reincubated for 3 hours before testing against type 19 antiserum 
in order to see whether the enzyme titre was changed.  (c)  Two serial tenfold dilutions of 
tube 5 were then made in tubes 8 and 9 and all 9 tubes incubated for 48 hours, after which all 
the mixtures were retested against type 19 antiserum. 
This experiment  was  performed  in  duplicate  with  the  same  result.  Table 
VII indicates that the concentration of enzyme in tubes 1 and 5 did not appear 
to  decrease  during  digestion  of  the  M  substance.  On  the  contrary,  serial 
TABLE VI 
Effect of Various Agents on Emyme Activity 
M precipitin reactions with type 19 antiserum: 
Type 19 extract  Digest mixture diluted 
Added to  1:4 
Enzyme +  thioglycollic acid ................. 
"  +  glutathione ...................... 
"  +  cysteine hydrochloride ............ 
"  +  potassium cyanide ................ 
"  -}- ascorbic acid ..................... 
(Controls) 
Buffer +  thioglycollic acid ................... 
"  +  glutathione ........................ 
"  +  cysteine hydrochloride .............. 
"  +  potassium cyanide .................. 
"  +  ascorbic acid ...................... 
"  +  enzyme ........................... 
1:1  1:2 
++  ++ 
++  ++ 
++  ++ 
++  ++ 
++  ++ 
++  ++ 
++  ++ 
m 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Mixtures adjusted to pH 8.0 and incubated at 37 ° C. for 3 hours before testing against 
type 19 serum.  The agents tested were used in a final concentration of 0.01 ~. 
dilutions made from these two tubes after incubation indicated a  slight increase 
in titre over that  seen in the original series of dilutions  (tubes  1  to 4),  a  fact 
which  could  not  be  explained. 
Inhibition  of Enzyme Activity.-- 
(a)  By Iodoacetic Acid.--Since it is known that the activity of some enzymes, 
dependent for their activation upon reducing agents or upon potassium cyanide, 
may be inhibited by iodoacetic acid, an experiment was designed to determine 
whether  this  substance  would prevent  the  inactivation  of M  antigen  by  the 
streptococcus  enzyme. 
A concentrated enzyme solution, having some activity in the absence of reducing agents, 
was added in tenfold dilutions to type 24 M  extract and the mixtures were incubated in  the 
presence of potassium  cyanide,  iodoacetic acid,  or buffer  solution.  After  18 hours  these 
mixtures were tested serologically for the presence of type 24 M antigen. 582  PROTEOLYTIC  ENZYME  PRODUCED  BY  GROUP  A  STREPTOCOCCI 
Table VIII shows that the ability of the enzyme to digest type 24 extract 
was completely inhibited by iodoacetic acid and greatly enhanced by potassium 
cyanide. 
TABLE  VII 
Experiment to Test Whether Enzyme Is Used Up during Digestion of Substrage 
Enzyme 
(a)  Titrated immediately to  test initial enzyme 
activity:  Serial  dilutions  added  to  sub- 
strate* and  activator and  then incubated 
at 37 ° C. for ....................  1 hr. 
2 hrs. 
48  " 
(b)  Titrated  after  1  hr.'s  incubation  to  tesl 
whether  enzyme  in  tube  1  was  used  up 
during digestion of substrate:  Serial dilu* 
tions (tube 1) added to fresh substrate and 
activator and then 
incubated at 37 ° C. for ...........  3 hrs. 
18  " 
48  " 
(¢)  Titrated  after  3  hrs.'  incubation  to  test 
whether  enzyme in  tube  5  was  used  upl 
during digestion of substrate:  Serial dilu-] 
tions (tube 5) added to fresh substrate and I 
activator and then  I 
incubated at 37 ° C. for ..........  18 hrs. 
48  " 
M precipitln reactions  with type 19 antiserum: 
Enzyme diluted* 
[:10 
abe 1 
I: 100 
Tube 2 
+++ 
Tube 5 
1:10,000 
Tube 4 
+++ 
++ 
+++ 
Tube 7 
+++ 
++ 
++-4- 
Tube 9 
++ 
++ 
* All tubes contained, in addition to diluted enzyme, constant amounts of substrate (type 
19 extract) and activator (glutathione). 
(b)  By Normal Serum.--It will be shown later that mouse passage inhibited 
the production of this enzyme by some strains of streptococci.  Furthermore, 
normal sera are known to inhibit the activity of some proteolytic enzymes such 
as trypsin.  An experiment was therefore carried out to determine whether the 
activity of  the  streptococcal enzyme was  inhibited  by normal  serum  from 
various animal species. 
Digest mixtures were made containing 0.15 cc. type  19 extract, 0.05 cc. enzyme solution 
and 0.25  cc. glutathione (0.02  M).  To each mixture was then added 0.0S cc. freshly drawn STUART  D.  ELLIOTT  583 
serum from men, rabbits, guinea pigs, or mice.  The mixtures were incubated at 37 ° C. for 18 
hours and then tested against type 19 antiserum.  (See Table IX.) 
This experiment was carried out with three different samples of serum from 
each species.  Human  and  guinea pig sera,  in a  concentration of 10 per cent, 
TABLE VIII 
Effect of lodoacetic Acid and Potassium Cyanide on Enzyme Activity 
Enzyme solution 
Added to 
Type 24 extract -b iodoacetic acid ......... 
"  "  "  -k potassium cyanide ...... 
"  "  "  -b water ................. 
M precipitin  reactions with type 24 antiserum: 
Enzyme diluted 
1:2  1:10  I.'100 1:1000 
+++  +++  +++  +++ 
_  ++++++ 
1:10,000  1:100,00______.O0 
+++  +++ 
+++ 
+++  +++ 
Final concentration of potassium cyanide and  iodoacetic acid 0.01  ~r and 10  -6 xf respec- 
tively. 
Type 24 extract was adjusted to pH 8.0 with buffer solution. 
Mixtures incubated at 37 ° C. for 18 hours before testing against type 24 antiserum. 
TABLE IX 
Effect of Normal Serum from Various Species on Enzyme Activity 
M precipitin  reactions 
Type 19 extract  with type 19 antiserum: 
Digest mixture diluted 
Added to  1:1 
*Enzyme +  normal rabbit serum  -t-q- 
"  +  "  mouse serum  ++ 
"  -or  "  human serum 
"  -F  "  guinea pig serum 
* Enzyme activated by addition of glutathione in final concentration of 0.01 ~r. 
Normal serum was added in a final concentration of 1 : 10. 
Mixtures adjusted to pH 8.0 with buffer solution and incubated at 37 °  C. for 18  hours 
before testing against type 19 antiserum. 
apparently had no effect on the enzyme activity which was, however, completely 
inhibited  by rabbit  and  mouse  sera.  Old  samples  of rabbit  serum,  kept  for 
several months in the cold, were without the inhibitory effect.  This was also 
destroyed by heating the serum to  70°C. for 30 minutes but not by heating it 
to  56  °  C.  for 30  minutes. 
Activity of E~zyme against Substrates Other Than M  Substance 
Table X  shows the activity of the enzyme against substrates other than the 
streptococcus  M  antigen.  It will be seen that  casein,  milk, and  gelatin were 584  PROTEOLYTIC ENZY~  PRODUCED  BY GROUP  A  STREPTOCOCCI 
attacked  in addition to fibrin from both human  and rabbit blood.  Two syn- 
thetic  polypeptide  substrates  also  were  tested:  Benzoyl-l-arginineamide  was 
split  by  activated  enzyme  which,  however,  had  no  effect  on  l-leucylglycyl- 
glycine. 
Effect of Enzyme on Casein.-- 
A 2 per cent solution of casein was prepared by adding 1  gm. of the powdered  material 
(casein Harris) to 50 cc. McIlvaine's buffer pH 8.0 and heating the mixture at 90o-95  ° C. for 
30 minutes (7).  To 2.7 co. of the solution thus obtained was added 0.15 co. enzyme solution; 
0.95 ce. of this enzyme-substrate mixture was placed in each of 3  tubes.  To one of these 
tubes was then added 0.05 ec. potassium cyanide (0.4 ~), to another 0.05 co. iodoacetic acid 
(10  -s.5 ~a), and to the third 0.05 cc. water.  Two  control tubes were included in the series: 
One contained casein solution, enzyme previously heated to 70  ° C. for 30 minutes and potas- 
TABLE  X 
Enzyme Activity against Substrates Other Than M Substance 
Substrate 
Casein (2 per cent) ................................. 
Milk .............................................. 
Gelatin (10 per cent) ................................ 
Rabbit red blood cells ............................... 
Rabbit fibrin  ....................................... 
Human fibrin ...................................... 
Benzoyl-/-arginineamide  ............................. 
l-Leucylglycylglycine  ................................ 
Digestion by enzyme 
Una¢tivated 
Slow 
Slow 
Slow 
None 
Slow 
Slow 
None 
None 
Activated* 
Rapid 
Rapid 
Rapid 
None 
Rapid 
Rapid 
Rapid 
None 
* Indicates the addition  to  the enzyme  solution of cysteine, gintathione, or  potassium 
cyanide. 
slum cyanide; the other contained casein solution, potassium cyanide, and water.  All 5 tubes 
were then incubated at 37  ° C. for 1 hour after which the liberated tyrosine, not precipitable 
by trichloracetic acid, was estimated by the method of Anson and Mirsky (8). 
The tyrosine values for the various substrate tubes after incubation are listed below: 
Casein +  enzyme q- potassium cyanide  0.675 X  10  -3 milliequivalents tyrosine 
"  +  "  +  water  0.395 ×  10  -3  .... 
"  +  "  +  iodoacetic acid  0.048 ×  10  -3  .... 
"  +  "  (heated) +  potassium cyanide  0.006 ×  10  -3  "  " 
"  +  "  +  water +  ....  0  .... 
From  these  values  it  can be  seen  that  the  activity  of  the  enzyme  against 
casein was similar to that against M  substance: It was greatly enhanced in the 
presence  of  potassium  cyanide  and  inhibited by  iodoacetic  acid;  heating  the 
enzyme to 70  °  C. for 30 minutes destroyed its activity toward both casein and 
M  substance. 
Effect of Enzyme on Rabbit's Red Blood Cells: Test for Hemolysis.-- STUART D.  ELLIOTT  585 
Streptolysin O, an extracellular product of group A  streptococci, has been 
shown by Todd (9)  to be active only under reduced conditions.  In order to 
distinguish it from the streptococcal proteinase, the latter was, therefore, tested 
for hemolytic activity against rabbit red blood cells. 
To 0.8 cc. of a 5 per cent suspension of rabbit's red blood ceils in saline was added 0.1 cc. 
enzyme solution.  This enzyme-substrate mixture was divided equally between two tubes, 
to one of which was then added 0.05 cc. of glutathione (0.1 5, pH 8.0) and to the other, 0.05 
cc. saline.  A control tube contained red cell suspension, glutathione, and saline.  All three 
tubes were then incubated at 37  ° C. for 18 hours during which they were inspected periodically 
for signs of hemolysis. 
No hemolysis was detected after 18 hours' incubation.  A  test for activity 
of  the  enzyme against M  substance in the  presence of  rabbit red  cells was 
positive.  From  the  results of  this  experiment,  therefore,  it  was  concluded 
that the proteinase was distinct from streptolysin O. 
Effect  of Enzyme on Fibrin.-- 
Human Fibrin:  The  enzyme was  tested  for  fibrinolytic properties by  the 
method used in testing group A  streptococci for fibrinolysin (10) except that, 
enzyme solution, with or without the addition of glutathione, was substituted 
for streptococcal culture in the test. 
To each of 4 tubes was added 1 ce. of freshly drawn human citrated plasma diluted 1 to 5 
in saline.  To two of the tubes were added 0.2 cc. amounts of enzyme solution and to two, 
enzyme solution which had been heated at 70  ° C. for 30 minutes.  To one tube from each 
pair was then added 0.2 co. glutathione (0.1 ~ in buffer pH 8.0) and to the other, 0.2 co. buffer. 
A control tube contained plasma, glutathione, and buffer but no enzyme solution.  Following 
the addition of 0.25 cc. of 0.25 per cent calcium chloride solution to each tube, all were incu- 
bated at 37  ° C. for 18 hours. 
The  enzyme, with or  without  the  addition of  glutathione, prevented the 
formation of a fibrin clot on the addition of calcium chloride to citrated human 
plasma.  When the  citrated plasma was  incubated for  15  minutes with the 
enzyme prior to the addition of calcium chloride, no clot was formed on the 
subsequent addition of  the  clotting agent.  If enzyme and calcium chloride 
were  both added  to  the plasma at the  same time, a  clot  sometimes formed 
during the ensuing 10 to  15  minutes, but was liquefied after  1  to  18 hours' 
incubation.  Fibrinolytic activity of the enzyme was completely destroyed by 
heating to 70  ° C. for 30 minutes. 
Rabbit Fibrin: An experiment was set up to determine the effect of the en- 
zyme on rabbit fibrin. 
A 0.5 per cent suspension of fibrin in McIlvalne's buffer pH 8.0 was made with a sample of 
dried rabbit fibrin and to 1.8 cc. of this suspension was added 0.1 cc. of enzyme solution.  Of 
this enzyme-substrate mixture, 0.95 cc. was added to each of two tubes.  To one of these 
was added 0.05 cc. potassium cyanide (0.1 5) and to the other 0.05 cc. buffer.  A control 586  PROTEOLYTIC  ENZYME PRODUCED BY  GROUP A  STREPTOCOCCI 
tube contained fibrin suspension, potassium cyanide, and buffer.  All three tubes were incu- 
bated at 37 ° C. for 24 hours after which the liberated tyrosine, not precipitable with trichlor- 
acetic acid, was estimated by the method of Anson and Mirsky. 
The tyrosine Values for the various substrate tubes after incubation are listed below: 
Rabbit fibrin +  enzyme +  potassium cyanide  0.1725  X  10  -8 mlniequivalents tyrosine 
"  "  +  buffer  0.008  ×  10  -8  "  " 
"  "  +  potassium cyanide +  buffer  0 
From these results it can be seen that digestion of rabbit fibrin by the enzyme 
took place in the presence of potassium cyanide.  In the absence of this acti- 
vator no significant splitting of this substrate occurred in a period of 24 hours. 
TABLE XI 
Action of Enzyme Solutgon on S  ntttetic Substrates at 37  ° C. 
Substrate  pH  Added  Hydrolysis  Activator 
~enzoyl-/-arginineamide 
.leucylglycylglycine 
5.09 
7.61 
5.17 
7.61 
5.33 
7.93 
5.33 
7.93 
None 
Cysteine 
None 
~c 
Cysteine 
per Gent 
4 hrs. 
58 
61 
per cent 
24 hrs. 
100 
92 
I 
I 
E~rect of the Enzyme on Hyaluronic Acid.--Some strains of group A strepto- 
cocci have been shown to produce an extracellular hyaluronidase (11).  The 
enzyme described here had no effect on the viscosity of mucopolysaccharideZ 
preparations nor did hyaluronidase, prepared from rat testes, affect the sero- 
logical reactivity of M  substance. 
Effect of the Enzyme on Synthetic Substrates.-- 
The work of Bergmann (12) has indicated that proteinases may be classified 
into broad groups according to  their activity against synthetic polypeptide 
substrates.  Dr. J. S. Fruton has tested the streptococcal proteinase against 
two such substrates, benzoyl-l-arginineamide and l-leucylglycylglycine.  The 
extent of hydrolysis was followed by measuring the liberated carboxyl groups 
by the method of Grassmann and Heyde (13).  The results of these tests are 
set out in Table XI.  It will be noted that there was no activity toward l- 
leucylglycylglycine  whereas benzoyl-l-arginineamide was split in the presence, 
but not in the absence of cysteine.  These findings confirm the presence in the 
We wish to thank Dr. A. Claude for providing the mucopolysaccharide  and hyaturonidase 
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enzyme preparation of a ferment similar in its properties to papain and to some 
of the cathepsins (12). 
Relationship  of Enzyme  Production  to  Mouse  "Virulence.--Todd  and Lance- 
field (14) have shown that the capacity of a  strain to produce M  antigen may 
be enhanced by mouse passage, during which procedure the mouse virulence of 
the  strain often  increases with  the  increased production of M  antigen.  An 
experiment was  therefore designed to  determine whether,  in  an  enzyme-pro- 
ducing strain, mouse passage would inhibit this property while increasing M 
production and mouse virulence. 
Strains K43  (type 1) and 283T  (type 6) were selected for the test.  Both produced the 
enzyme in broth cultures.  Extracts from neither strain grown at 37 ° C. contained M antigen, 
TABLE XII 
Enzyme Production, M  Antigen, and Mouse  Virulence of Strains  1£43 and 283T before and 
after Passage through Mice 
No. of  Enz~,me  M  Mouse virulence 
~ntigen  Amount of 18 hr. broth culture  injected  intraperitone-  Strain and type  mouse  proauc-  37oc.  ally 
passages  ,  co.  tion  culture 
I0-I  10  ~  lO-S  10-~  I0-I  lO-e ] 10-7  lO-S 
--  ---f-  ......  T-----  I  K4~,typel  0  :DIS  IS  IS  S  /D  S 
......  20  -  ++~  DtDIDtD  D  D  [~  D 
i  t  t 
2S3T, type6  0  +  D  ]  S  I  S  ]  S  S  D*  D 
......  20  ++~  DIDID/D  D,  Is  j  s 
S indicates mice survived after receivmg the injection. 
D indicates mice died within 24 hours of receiving the injection. 
D* indicates mouse died within 3 days of receiving the injection. 
D$ indicates mouse died within 6 days of receiving the injection. 
whereas an extract from cultures grown at 22 ° C. gave heavy precipitates with homologous 
antiserum.  Each strain was subjected to serial passage through 20 mice.  After two further 
subcultures in broth, to minimize the possibility of carrying over from the mouse some en- 
zyme-inhibitory substance,  each strain was tested for enzyme production and extracts were 
prepared from cultures grown at 37 ° C.  As a rough index of increase in mouse virulence, 
the final passage cultures were compared with the original cultures by injecting each into 8 
mice intraperitoneally  in tenfold decreasing doses ranging from 10  -x to 10-" cc. of an 18 hour 
broth culture. 
From Table XII  it can  be seen  that,  following mouse passage, the mouse 
virulence of both  strains  was  increased  and  their  production  of enzyme  in- 
hibited.  The  passage cultures  grown  at  37 °  C.,  in  contrast  to  the  cultures 
from  which  they were  derived, yielded extracts which reacted strongly with 
homologous  antisera.  This  increased  yield of  M  substance  and  failure  to 
produce enzyme were unchanged  when  the strains were  retested after seven 
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The Incidence  of Emyme-Producing  Strains  among 78 Strains  of Group A 
Streptococci from  Various Sources.--The preceding description of the enzyme 
has been based on an examination of preparations from three different strains, 
C 594 (type 1), K43 (type 1), and 283T (type 6).  An additional 78 strains of 
group A  streptococci have been examined for their capacity to produce  the 
enzyme.  Fifty-eight of these  strains  were  selected  at  random from a  large 
number of cultures  which,  when  cultured  at  37 °  C.  in  broth  incorporating 
Pfanstiehl  peptone, it had  previously been found  impossible to type by the 
anti-M precipitation technique.  The remaining 20 strains were also selected 
at random, but from cultures readily typed by this  method.  The  78  strains 
included representatives of most of the Griffith types.  i 
The streptococci were grown for from 1 to 3 days in Todd-Hewitt broth.  The cultures 
were then tested for the presence of the proteinase by adding 0.25 cc. of culture filtrate to an 
equivalent amount of a substrate mixture which contained M extract buffered at pH 8.0 and 
TABLE xln 
Enzyme-Producing Strains among 78 Strains  of Group A Streptococd from Various Sources 
No. of strains examined 
20 
58 
No. of strains producing 
identifiable  M antigen in 
cultures grown at 37°C. 
20 
0 
No. of strains producing 
enzyme 
0 
56 
No. of strains failing to 
produce enzyme 
20 
2 
potassium cyanide in a final 0.01 •  concentration.  The filtrate-substrate mixture was incu- 
bated for 18 hours at 37  ° C. and then tested for serological  reactivity with an anti-M serum 
of the same type as the M extract. 
It will be seen from Table XIII that none of the strains typable in cultures 
grown at 37 ° C. produced the enzyme.  Among the 58 strains which could not 
be typed when grown at this temperature, 56 were "enzyme-positive." 
During  the  examination of these  "enzyme-positive" strains  it  was  found 
that,  while  the proteinase  was produced  by cultures  grown  in  Todd-Hewitt 
broth made with Pfanstiehl peptone, it could not be demonstrated in cultures 
of the same strains in Todd-Hewitt broth which contained  neopeptone  (Difco) 
instead of the Pfanstiehl product.  Similar comparative tests with other com- 
mercial brands of peptone indicated that, in a 2 per cent concentration, proteose 
peptone  (Difco), bacto  tryptone and,  to  a  lesser extent, bacto  tryptose and 
Wilson's peptone were satisfactory broth ingredients  for demonstrating pro- 
duction  of  the  proteinase  by  these  strains  of  streptococci.  The  "enzyme- 
negative" strains failed to produce the proteinase in any of these media.  Fail- 
ure to demonstrate the proteinase in neopeptone broth cultures may be  due 
to  a  constituent of the peptone which either inactivates the enzyme or sup- 
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Forty-seven "enzyme-positive"  strains were examined for M  antigen when 
grown  at  22  °  C.;  30  yielded extracts which  gave  strong  precipitation  with 
anti-M sera, whereas none of these strains had done so when cultured at 37  ° C. 
The capacity to produce the enzyme was not limited to any particular sero- 
logical types; some representatives of a  particular type were positive in this 
respect and others negative. 
DISCUSSION 
From the experimental evidence presented here it is clear that, under favor- 
able cultural conditions, group A streptococci may elaborate in broth cultures 
an  extraceUular proteolytic enzyme.  The activity of the enzyme is  greatly 
enhanced under conditions of reduction established  in  culture media by the 
presence of living bacterial cells.  Under such conditions the type-specific M 
protein,  itself,  is  attacked;  and evidence has  been produced indicating  that 
absence of this antigen in cultures may, in many instances, be correlated with 
presence of the enzyme.  Since the proteinase is less active at 22 ° C. than at 
37  ° C., it is sometimes possible to demonstrate M  antigen in enzyme-producing 
cultures by growing them at room temperature  (22  °  C.), a  device which has 
been of occasional value in typing these strains serologically.  The elaboration 
of this enzyme by group A streptococci is by no means an unusual occurrence; 
it has been shown to be a  frequent characteristic of cultures deficient in M 
antigen and provides one explanation for this kind of antigenic loss. 
In addition to its capacity to digest the streptococcal M antigen, the enzyme 
displayed  activity towards  other proteins  such  as  casein,  milk,  fibrin,  and 
gelatin.  The digestion of all these substrates by the proteinase was greatly 
enhanced by reducing agents such as glutathione, cysteine, and thioglycollic 
acid but not by ascorbic acid; the enzyme was also activated by potassium 
cyanide and inactivated by iodoacetic acid: These facts suggest very strongly 
that activation of the enzyme depended on the reduction of its disulfide groups 
to sulfhydryl groups.  Its activity in the presence of cysteine against benzoyl-/- 
arginineamide and its failure under those conditions to attack/-leucylglycyl- 
glycine is further evidence of the presence of an enzyme similar to papain and 
to  some  of  the  cathepsins  (12).  It  is  of  interest  that  Lancefield had pre- 
viously found the streptococcal M  antigen to be digested by papain. 
It is difficult to identify the enzyme with any of the hitherto described extra- 
cellular products of group A  streptococci.  Stevens and West  (15)  described 
the isolation of a  peptase from hemolytic streptococci but this was an intra- 
cellular enzyme recovered from the microorganisms only after prolonged grind- 
ing.  Furthermore, that enzyme had other characteristics, such as inactivation 
by chloroform or by heating at 57  °  C. for 10 minutes, which differentiate it 
from  the  proteinase  described  here. 
Frobisher (16)  showed that  culture  filtrates  of  certain  strains  of  hemo- 590  PI~OTEOLYTIC ENZYME  PRODUCED  BY GROUP  A  STREPTOCOCCI 
lytic streptococci  grown  in  cooked-meat medium  digested animal  muscle, 
He attributed this action to an extmcellular proteolytic enzyme elaborated 
by the microorganisms.  From the data given it is impossible to determine 
whether the streptococcal enzyme for which  Frobisher  proposed  the  name 
"histase"  is  the  same  as  the  proteinase  described  in  the  present  report. 
The  absence  of hemolytic activity in preparations of the proteinase and its 
destruction by heating to 70  ° C. for 30 minutes distinguish it from the strep- 
tococcal hemolysins and from the  erythrogenic toxin.  Hyaluronidase, pro- 
duced by some strains of group A streptococci, does not digest the M  antigen; 
and samples of the proteinase which have been studied had no apparent effect 
on mucopolysaccharide preparations. 
The possible relationship of the enzyme to the streptococcal fibrinolysin of 
TiUett and Garner  (10)  is of some interest.  Recent work  (17-19)  indicates 
that fibrinolysin "activates" a serum protease by which the fibrin clot is lysed 
in the fibrinolysin test.  Experiments described here show that streptococcal 
proteinase also is able to digest fibrin.  Clearly, lysis of the clot in the fibri- 
nolysin test, as normally carried out, might be due to either of these agencies. 
Fibrinolysin, however, may be distinguished by its heat stability, for it with- 
stands a temperature of 100 ° C. for an hour, in contrast tO the destruction of 
the proteinase by heating at 70  ° C. for 30 minutes.  Garner and Tillett (20) 
reported that fibrinolysin was digested by both trypsin and papain.  It might 
be anticipated, therefore, that the streptococcal proteinase would also digest 
fibrinolysin and preliminary experiments indicate that this is indeed the case. 
The  relationship,  in  streptococcal  cultures,  of  proteinase  production  to 
virulence  needs further investigation.  Mouse-virulent  cultures of group  A 
streptococci almost  invariably have  the  M  antigen; presumably,  therefore, 
such cultures do not elaborate the proteinase.  This supposition has been borne 
out by the examination of a number of mouse-virulent strains, none of which 
was  found to  produce  the enzyme.  It has  been  shown that mouse serum 
inhibits activity of the enzyme in vitro; furthermore, it has been demonstrated 
in two  strains  that mouse passage of cultures which originally were  active 
producers of the enzyme led to suppression of this function and to a parallel 
increase in virulence and in production of M antigen.  It is tempting to relate, 
one to another, these changes in biological activity and to speculate upon the 
possible  interdependence of proteinase  production  and  mouse virulence:  It 
seems possible that suppression of the former may be an essential step in de- 
velopment of the latter.  On the other hand, strains which produce M  sub- 
stances are frequently found to be non-virulent, an indiCation that there are 
additional factors which help determine mouse virulence.  Nevertheless, the 
facts presented here appear sufficiently suggestive to justify further investiga- 
tion along these lines. STU.~R~ ~.  ~.LLm~T  591 
SUMMARY 
1.  Group A streptococci sometimes produce in broth culture an extracellular 
proteolytic enzyme. 
2.  Under suitable cultural conditions the enzyme has been demonstrated 
in representative cultures of most of the Griflith types.  Its production by a 
given strain may be suppressed by serial passage through mice and the variant 
so produced has been found to maintain this change in character on subculture 
in  artificial  media. 
3.  Under certain conditions, the enzyme attacks the type-specific M antigens 
of all the group A streptococci so far tested, with the exception of that of type 
28.  The enzyme exhibits its maximal activity at 37 ° C.: Extracts made from 
enzyme-producing cultures which have been grown at this temperature lack 
the M  antigen; enzyme-producing strains may sometimes be induced to yield 
M  substance  in extracts by culturing the  streptococci at  22 °  C.  Cultures 
which, when grown at 37 ° C. yield M  substance in extracts, do not produce 
the enzyme. 
4.  Human and rabbit fibrin are attacked and streptococcal fibrinolysin is 
also inactivated by the enzyme.  Other susceptible substrates include casein, 
milk, gelatin, and benzoyl-l-arginineamide but not l-leucy|glycylglycine. 
5.  The general properties of the enzyme resemble those of papain and some 
of the cathepsins: It is active under the reducing conditions produced in broth 
cultures by the presence of living bacteria; it is also activated by substances 
which reduce disulfide to sulfhydryl groups, e.g. potassium cyanide, cysteine, 
glutathione, and thioglycollic acid, but it is not activated by ascorbic acid. 
The enzyme is inactivated by iodoacetic acid and also by normal rabbit or 
mouse  serum. 
It is a pleasure to acknowledge  many helpful suggestions that I have received from Dr. 
R. C. Lancefield,  Dr. O. T. Avery, and Dr. H. F. Swift• 
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